Abstract-Gold nanoparticles by using the mixture of polystyrene block poly(2 vinyl pyridine)/poly(2 vinyl pyridine) block poly(ethylene oxide) (PS b P2VP/P2VP b PEO) block copolymers as encapsulating agent was prepared. The prepared nanoparticles were characterized by transmission electron microscopy, UV-Vis spectroscopy and contact angle. It is demonstrated that the obtained gold nanoparticles are covered with mixed block copolymer shells. The hydrophilic property of the nanoparticles can be varied by the change of the dispersion medium. The obtained gold nanoparticles with mixed block copolymer shells are stable in organic solvents (such as tetrahydrofuran and toluene) and water.
INTRODUCTION
Gold nanoparticles (AuNPs) have been intensively investigated because of their unique electronic, opti cal, and catalytic properties [1, 2] and potential appli cation in many areas including molecular recognition [3, 4] , sensors [5, 6] , drug delivery [7, 8] , biomedical imaging [9, 10] , and photothermal therapy [11] .
For applications, AuNPs must be stabilized by ligands or surfactants to prevent their coagulation [12, 13] . Thiol chemistry has widely been used to modify the surfaces of AuNPs with synthetic polymers [13] [14] [15] [16] and biomacromolecules [17] [18] [19] . However, the Au thiol bonds, which are used to attach biomolecules to Au nanoparticle surfaces are unstable to light, high temperature, competing biological thiols, and chemi cal cleaving agents [20] [21] [22] [23] [24] . Therefore gold/polymer nanoparticles, which are stable in a variety of environ ments, including organic solvents and buffers, are attractive. Several polymer systems [25] , such as poly(ethylene oxide), poly(N isopropylacrylamide), amine functionalized polymeric dendrimer, and block copolymers, etc. have been used for the synthe sis of AuNPs [26] [27] [28] [29] [30] [31] [32] Here we describe a simple method to prepare AuNPs with block copolymer shell structures by using diblock copolymer mixture as encapsulating agent. To this end, PS b P2VP and PVP b PEO were chosen. We have used the copolymers as templates to prepare Au/titania nanoparticles and nanoporous block copolymer film containing gold [50, 51] . We also pre pared AuNPs with PS b P2VP shells and pH respon sive AuNPs with PVP b PEO shells by UV irradiation of the solutions of PS b P2VP/HAuCl 4 or P2VP b PEO/HAuCl 4 complexes [52, 53] . In this work HAuCl 4 precursors and two types of block copolymers containing pyridine groups are dissolved together in THF to make a clear solution. Hydrazine hydrate is added to the above solution to reduce HAuCl 4 to Au. During the reduction process, AuNPs stabilized with block copolymers form. The resultant AuNPs are sta ble enough in solution for a long time. This kind of AuNPs may be of interest especially in bioconjugate chemistry.
EXPERIMENTAL
Materials PS b P2VP (M w,PS = 8200 g/mol, M w,P2VP = 8300 g/mol, M w /M n = 1.09) and P2VP b PEO (M w,P2VP = 3000 g/mol, M w,PEO = 9000 g/mol, M w /M n = 1.06) were purchased from Polymer Source, Inc. Hydrogen tetrachloroaurate (III) (99.9%) and hydrazine hydrate (N 2 H 4 · H 2 O > 98%) were pur chased from Alfa Aesar and used as received. Analyti cal tetrahydrofuran (THF) and toluene were pur chased from Shanghai Reagent Co.
Sample Preparation 0.1 wt % PS b P2VP and 0.1 wt % P2VP b PEO solution in THF were prepared respectively. The solu tions were stirred for at least 2 days before use to ensure that the block copolymers were completely dissolved. The given amounts of block copolymer solutions were mixed together and then HAuCl 4 precursor (the molar ratios of HAuCl 4 to total VP was 0.14) was added to the block copolymer mixture. After 2 days, excess hydra zine hydrate (usually 10 fold) was added to the above mixed solution to reduce HAuCl 4 to Au.
Characterization
Electron micrographs of the AuNPs were taken with an H 800 transmission electron microscope (Hitachi, Japan), operating at 100 kV. The samples were prepared by mounting a drop of the solutions on a carbon coated Cu grid and allowing it to dry in air. UV-Vis spectra of the AuNPs were recorded on a UV2450 spectrometer (Shimadzu Co., Japan). Dilute solutions of the AuNPs were measured in quartz cuvettes, using pure solvent as a reference. Contact angles were measured with an OCA40 micro auto matic contact angle measuring device (Dataphysics, Germany). The films for contact angle measurements were prepared by casting the solutions of AuNPs on glass slides and dried in vacuum.
RESULTS AND DISCUSSION THF is a common solvent for the PS, the P2VP and the PEO blocks, as well as a good solvent for HAuCl 4 . It has been reported that PS b P2VP and P2VP b PEO molecules are present as unimers in THF [52, 53] . It is well known that addition of HAuCl 4 to PS b P2VP or PVP b PEO results in complexation between HAuCl 4 and the pyridine units [37, 54] .
PS b P2VP/P2VP b PEO/HAuCl 4 complexes form micelles (P2VP/HAuCl 4 as a core and PS and PEO as a corona) [52] [53] [54] . When hydrazine hydrate (usually 10 fold) was added to the mixture solution of PS b P2VP/P2VP b PEO/HAuCl 4 , the color of the solution changed from light yellow to dark blue solu tion and then to purple red, indicating the formation of AuNPs (Fig. 1a) . The average diameter of the AuNPs calculated from the TEM image is about 
